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METHOD FOR COPOLYMERIZATION AND 
RESULTING COPOLYMERS 

\e present invention relates to a novel method 
of preparing block copolymers, and to certain of these 
..oc. copol^^ers^^^^^^^ ^^^^^^ 

also Known that it is difficult to prepare .lo K 
copolymers one of whose hloc.s is a PO^---;_ j^^; 

especially .f ^ ^^^Jl^ ordL to give 

should be inserted m a reguxct ti- -i c, 

a staraoregular and/or .egio.egular copol^er. It 
al=c ..nown that it is (virtually) .mposs.ble ^° P»P«; 
block copolymers whose two blocKs are polyolef.ns, 
whether crystalline or amorphous. 

Yamahiro et al . , Macromol . Chem. Phy 

^ r^-ron^=^ss of stopped-flow 

polymerization for obtaining true ^^'^ 

^ ^hP" copolymers produced are 

terr^cruiar ^r. h.e . 

.olecular weight Mn of less than or e<^al to 000 

a P-y.ispe.3ity inaex ,,,, 

t:rni:rr particular, hi.her^ molecular 

type \ ^ . H Qince they are a function of 

masses cannot be attained, since they 

the polymerization time, which can only be ^^J^ ^ 
the order of from o.l to 0.2 s) and m any case ess 
the oraer chain- in particular, also, 

i-h;,n the growth time of a cnain, xn f 

Ter poj^ispersity indexes cannot be attaine , s.n e 
, atopped-flow polymerization rs not V " , 

lr!Ltion with living species, but comprrses a large 
number of transfer reactions^ ^^^^^ 
Therefore, there is to aate 
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th a PP Wock and an .P bloOc linked 

copolymer, with a Pt^ diul^j^ 

— -r^^v ;"a^riir^;rm— 

rj^eTr:: w::id^find ^advantageous application in 
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^ Tn these blends, the crystalline 

PP/EP polymer blends. I modified by the 

PP forms the continuous phase ^^^^ ,hich 

copolymer (more speciricd y ^ „ a 

addition of EP J" ^ disperse phase. A 

is elastomerxc) which fo ^^^^ ^^^^^ ^^^^ ^ p^^, 

,.ue an emulsifier in emulsions 

similar to that played by ^^^^^^ 

^hP> compatibility o£ ^ 
improving the co p ,,p,,,/rigidity trade-off. 

ultimately would enhance tn ^ preparing 

^^^^ ^^^\irs Icurs wi:; cojolymers one of 
«,rue" bloc. , .onomer, such as 

whose blocks is a block of a p 

..e pa«„. appU.a.ion ^--0";;- 
Mi.sui dea=.i.e. ^.e prepay .on ^^^^^ ^^^^^ 

„ers, one block be.ng a P°lJ°^^^ j^^^,,^, „ono™er. 

,..,.ea ..o. a --;;;Xr::.plax Of a .e.al fro. 
..e catalyst >-<^;; ^ ,,,,,ed cyclopentadien. 

rare earth group, ,,o,p, . Th.. 

rings (bridged by the catalyst 

,„t ,;„%Je3),, with - optionally - a 

„e.Si(2-Me3S., ''^^^^^^J^^ „etal . The copolymers 

THF-type donor complexed ^^.^^^^^^y, ^ince the 

obtained, however, are n ^ fraction o£ 

polyolefin fraction represents to ^ ^^p^^ity 

L final copolymer. "f^;/\ri3 only because 

t-o be acceptable, 
alues appear to be P fraction, 
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values appear " ^e PM». traction, 

these values are a £ the copolymer, 

representing the quasitotality ^^^^ ^^^^ 
Moreover, the catalysts .jo^^^^ ^^^^^^^ 
copolymers. in efte^ to the liv.ng 

(that IS, the reactio ^ ^. to the formation not 

nature of the P°^V™-^^^7°;^^,^;,:t;:, .omopolymers and 
of true copolymers but of a m xtu ^^^^^ ^^^^^^ 

copolymers. Moreover, the 

long. , al Tetrahedron, 

article "-/-"f , t^oribes hydride 
vol. SI, NO. 15, pp. 4563-4570, 19 , 
derivatives of lanthanides .n the 
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. V. 'daed cyclopentadiene rings (bridged by a 
with brxdged cycl P cyclopentadiene rings 

^^^^^^^"^brtueirlcrhave I Significant steric 
carrying substituen a„^u„ent describes in 

bulk («bul..y substituent ). ^'^^^ „e.si<2-Me,sl, 

T t-Vif:^ hydride caca-Lyt^L. 

particular the Y j^^^, ^ These 

..„e,tBuSiCp,3™ rep-s nte in ^ ^^^^^^^^^^^ 

compounds are obtained m 

;r nr^i^arre.:::. ^- 

rr:r"are aescr.be. as alp.^ole.n 

polymerization activity ,„,,3d, the 

derivatives fro. which they are ^^^^^ 
polymerization times are still very 

o£ half a day or a day. classic 

are .no J to be unstable and to brea. do». 

rapidly at high, ^^^^^^'^^retore on for an effective 
,,e --=^/J^J^";,p„,^ers= particularly, on 
method of preparing block cop Y includes a 

the one hand, =opol^ers one f »ho=e ^^^^^ ^^^^^^^^ 
polar fraction, and, on tne 
whose two blocks are polyolef ms 

The invention accordingly ^ 
• o block copolymers, comprising the steps 
preparing block cop organolanthanide 

. . •FiT-c^t monomer using cm '^■■-a 

polymerizing a first mo , ^ , , the form of a 

catalyst in --''^ -^^art retll" from the rare 
rthVr ;olymeri.ing at least one second 

monomer. hydride complex of a 

In one embodiment, tne uyva 

, .^^^ the rare earth group has the 
trivalent metal from the 

formula I : 
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which: ^^^-ipnvl radical; 

CP is a cyclopentadxenyi occurrence, 

. 1 or different at eacn 
R„ identical or dx ,,pentadienyl group 

is a substituent of t y ^ntaining 

hydrocarbon radxca , ^^^^^ 

it is linked °P"onally ^^^^^ possible 

Eluorenyl ring ^^^^^ eubstituted; 

optionally eaC occurrence, 

-i identical or uxj-j- 

3' ^ 1 1-n 5 inclusive; 

is an integer ^ ^r a divalent, 

X is a divalent alKylene ^^^^^^^^ 

silicon-containing ^ydroca optionally 

fr-nm 1 to 20 carbon atoms, 
taming from 1 ,,,h as oxygen; 

containing other hetei 

Y ^ , T fr-om the rare earth 

is a trivalent ™e«l £ro. t 

elected from Y, So, La, Ce, 

HO, .r, ™, - and .u.^^^ ^ 

one e^^^;-;;; ,,,,oal having from 1 to 
Si(R). in which R IB an alky 

4 carbon atoms. formula I, Ri an 

in one ^-^^^^^^^^'^^^^^^.^ontaining hydrocarbon 
alkyl radical or a J. ^^^^^^ ^^.^^ ,3 

radical, containing from 1 to ^ ^ _ 

unsubstituted, and 3 1, formula I, Rio^p is 

in one embodiment, m t ^^^^^ 
2-Me3Si,4-Me2tBuSiCp or 
the group 2 Me3^ 

2-Me3Si,4-tBuCp. ^^^^^^^ i, Ln is Y or 

in one embodiment, m cn 



catalyst 

Sm. etnbodiment, the 

Xnoneen^od.ment the ^^^^^^^ ,^ generated 
Xn one embodiment t^e of the 

in situ in the presence of 

fi^3t monomer. ^,^,^3 are homopolymers 

one embodiment, the 
or random copolymers ^^^ock copolymer 

°^ ,n one e^odxment. ^ an 

comprises a bloc, of^ ^ _omer ..i- 

alpha-olefin and a compound. 

--^^'"tre— ett, the vinyl or v.nyl.dene 

Itted by the formula 
compound is represented 

«^^=^^'' Wroqen or an alkyl radxcal 

in which R' hydrogen electron- 

, to 12 carbon atoms and 
having from 1 to 1 
20 withdrawing radical or v.nylxdene 

' in this embodiment, carboxylic acxd. 

. . pster of an unsaturatea crystal - 

compound is an ^^^"^ ^he polyolefxn is cry 

in this etrfDodimenc, 

line. . , the second monomer is polar^ 

in one enO^od.ment the 
25 embodiment, the 

, PO/PMMA or PO/PI^ copolymer. ^^^^^ iPO 

in this embodiment, the 

v^i nek copolymer 

30 - - 
:rr.:rr--^ " 

cryscalliM and the 

3, polyole£.n .s 

crystalline. ^^^^ ,„lant, the copolymer 
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• nf this einbodiment , the 

" ano..e. ..e second 
first polyolefin is cry 

polyole£in is a^orphous^ ^^^^ ^ ,P/^P 
In this variant, 

copolymer. p block is an iPP 

in one embodiment, the 

block. , provides a copolymer 

The invention also ^^^^^.^^ polyolefin 

comprising a first block of ^ ,3^^^, with the 

and a second block of an ^^^^^^^J ^ „,,ecular mass 
exception of a PP/BP copolymer hav ^ 
nn of less than or equal to 

index of between 3 and 3.3 ^ ^^3^ is a PP/EP 

in one embodiment, the c p y 
copolymer, particularly one m which 

iPP block. provides a copolymer 

The invention als ^ ^^.^^ polyolefin 

. ■ ^ f-irst block of a cjLy^ 
comprising a £i crystalline polyolefin. 

and a second block of c^ ^^,^^i^s a copolymer 

. .^"3 "rlTo* 0I an TmorpHons polyoleMn and 

nrnioc. o. — -r^s^^e .omopdymers 

in one embodiment, tne 

or random copolymers. described in greater 

The invention is n^ 
detail in the following description. 

organolanthanide in the form 
.he catalyst is ,he rare 

°^ ^ -^^^^^^"^^ 7^";; . advantageously it -s the 

30 earth group (bridgea; , 

formula I : 



RnCp 
/ \ / 

\ / 



in which: 
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CP i. a cyclopentadienyl radical, substituted 

^""irtlci: rlXl:" "eac. occu..e„ce, 
; ststTtuent ot t.e cyclopentadianyl .roup 
i: 1 al.yi radical or ^ silicon contar.rn. 
hydrocarbon radical, conta.nrng from 1 
,0 carbon ator„s, in particular ^-- J 
. .arbon ato.s, optionally ™. an rndeny^ 
„v fluorenyl ring system with the cp r a 
Thich Is linked, it being possible optionally 
for each to be substituted, for example, by 

rrnr:r::-di«erentat each occurrence 
Is an integer from 1 to S inclusive, 
particular 1 is 1, 2 or 3,- ^^^^^ 
,n particular R.Cp ^^^^^ 

2-Me3Si,4-Me2tBuSiCp, 

2-Me3Si,4-tBuCp; h^. relent 

X is a divalent alkylene radical or a 
si con-containing hydrocarbon radical con- 
from 1 to 20 carbon atoms, optionally 
rrmr:- heteroatoms such as oxygen in 
particular of formula SU... whe- K^^is a^ 
alkyl radical having 1 to 4 ca 
particular SiMez; 

• c 1 n-r 2 preferably 1 ; 
L is a t^ivalent metal from the rare earth 
Ln IS a ti-L TO Pr Nd, Pm, 

g.oup, selected from Y Sc - 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
particular Y and Sm. 

^ , of catalysts are 

Examples °^ 
Me.Si(2-Me3Si,4-Me.tBuSiCp).YH and 

Me.Si(2-Me3Si,4-tBuCp).SmH 

..e catalyst may ^ -^^X^^.^,, as 
"^^^^^;\r::tarcen: or Kamms^y catalysts ^ 

:L:try may also be envisage. and as 
ligands other than those described above 
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^i^hthe formula I. .^^alyst is in a racem.c 

in one variant isotactic 
form. This form makes .t possxble 

polymers. invention in hydride form 

The catalysts of the ^^^^.^^ ,,,, 

- for e-P-_;v^/^^ .ppucation Of 

alkyl precursor, fo ^^^^,3,,, are described, 

n^olecular hydrogen. The a y the name 

1^ -in the document EP A uoj v^^. 
for example, m tne performed by 

This operation may 
of Mitsui. This P ^^^^^t in a solvent 

dissolving the alkyl ^^^^^^^^ ^ suspending it in 

^aliphatic or aromatic --^J--^^^^:,,,, aromatic 
a nonsolvating hydrocarbon (alxp ^^^^^^^^^ 
hydrocarbon), followed by contact 
hydrogen . 

Pol^mierizatiorui^^ effective in 

The polymerization is V 

■^h the catalyst formed m sicu 
particular with the Y ^^.^ efficacy is 

presence of the — ^ J^^^^^^ ^i.^ure when the 
the exothermicity of demonstrating that the 

hydrogen is introduced, there ^ immediately, 
polymerization -^^^^^^ precursor leads to a 

Accordingly, each ^^^^ J species, which leads 
potentially polymerizing hydride p ^^^^ 

'effectively to a P°"-- ^ , ^^.i^n in situ in 

P----°%°:;rer:omer^T: not necessary,- it is, 
the presence of tne 

however, preferred .^^lemented with or without 

The method may be ^^^^^^ liquid 
T hhP. case without solvent, it is 
solvent, in the case ^^^^ ^^th 

monomer itself which plays this P • ^^^.^^^ 
solvent, r 

^poi;t:Ltion medium may therefore be a 

solvent, mass or gaseous medium. ,,iphatic or 

The solvent, when used, may be 

aromatic hydrocarbon, ' generally between 

The reaction temperature is g 
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The reaction pressu between 1 and 

standard pressure and 200 .ar, prefera. 

The reaction ti.e is generally between a few 
seconds and a few hour ^^^^^^^^ ,3 added 

The monomer controlled way. 

^ r>o or gradually, m a con^i 
in one go or g conditions apply ^o 

The above cona homopolymers 

polymerization step, .nj^ „rpcly.er. (or .ore if 
and copolymers, and even 

—t:^ case ..ere — " -^^Xt - 
.econa monomer is added^ fo^ e-P-, ^ 
, taction fixture from the f « t ^^^^^^ 

teen used during this ^'^P. „^i„g care not to 

,r removed hy customary „^ polyolefinic 

Tt^st^X - Iptionally replaced .y 

chain from the 

° ^""^"-^ riresent polymerization method is efficient 

in that: generate poly-alpha- 

_ it makes it ' ^y U-iting the 

olefins of controlled mass, 

transfer reactions living and 

_ the poly-alpha-olefin species s ^^^^^^^^ 

, .econd /^^^/'^l.uc, etc.,. in 

-other monomer <olef--.^^^^^^^^^^^„^ ,,,,, 
order to lead to 
,„ copolymer. £ollo»s (where M-H 

The reaction scheme is - J° ,„ j^^aride 

.i,ni£ies the organolanthanrde 

form). (living) polyolefin) 

Reaction 1 (generation of cHE)„-.-H 
„.„ . n (CH.CH. J ^^^^ ^^^^^^^^^ 

There is theretor following final 

„ansfer reaction which produces 
polymer species: 
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M-H + CH2=CR-(CH2-CHR)n-H 
. 2 (addition to the living, e-wing polyolef.n 
Reaction 2 (addition ^^^^^ copolymer, 

of the second monomer, to give 

. ^ t-ransfer reaction) 

with limitation of the transte 

M-CH.-CR-(CH3-CHR)n-i-H - m(CH.-CHR ) 

, /^TT r^UPM . - (CH2-CHR) n-H 

copolimers, the first P homopolymers , and 

conditions simxlar to 'hose f ^^^^^.^^ 
then the second monomer will be added 

„i.ture still containing ^ ^'^'^^J^'^:;^ ,,,,„ted by 
The (colpolyi^ers thus obtained ar 

conventional techniques. 

„ion ma/be ^ " — ^v'Tn 

r—n a bloc^ oopol^mers, or 

even terpoly^ere or more if '^^^'^^^^^^ ,,,,,, .e 

!:::::mer the' Ttaivst is m a 

relir f;rmCnr.hen Ihe monomer Is P-^-.^,^,^. 

, rrilef if contrr::: e^P^frL 3 to 
olefins, the are propylene, 

.0 carbon atoms. ^^^^^ ..^ecene, etc. 

...utene, ;;^ta:;;„ ..^dymers are the 

Examples or -^^11 •h;=ic!ed on 

copolymers of the above olefins, or copolymers 

— _ies Of bloc. jm: 

Tprati:!!: rVbUrof tne second monomer, which 
is a vinyl, vinylidene or lactone compound. 
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Examples of vinyl or vinylidene compoundB^ are 

^ T w (--(-R'Z in whicn k 
Ka;- the formula H2C-^-k ^/ 
represented by tne i. ^ „ i t-o 12 carbon 

=r, ^ikvl radical having from 1 to cax 
hydrogen or an alKyi raux>-ci 

.r,H 7 is an electron-withdrawing radical, 
atoms and Z is an ei esters of an 

Examples of such groups are the esters 

aorylate, propyl acrylate y ^^^^^^,yr^t. , 

methacrylate . cyclic esters 

Examples of lactones include the cyci 

7 to 10 carbon atoms, and are 
possessing from 3 to lu , ^ „^ _d capro- 

preferably propyl 1 act one , valerolactone and cap 

'^"°''"The polyolefin (PO) bloc, may be crystalline, 
whereas the block of the second monomer may be polar. 

specific examples of such copolymers are the 
copolymer PO/PMMA, especially iPO/PMMA, and PO/PL 

20 (polylactone) copolymer, -^-^^^^^^^^J^^'^^^^ copolymers 
Examples of block copolymers are ^ 

v.i^^k of the first monomer, which is a 
containing a block of the ^^^^ ^^^^^^^^ 

first alpha-olefin, and a block ot 

which is a second alpha-olefin. 

- . r\.o:nr^.i:: rirr poi^ie^n . 

Tyrrune ^ ..3 .econ. polyole.ln Is crystalline, 

especially a PP/PE copolymer. include 

such examples of copolymers include 

i.r- those in which the first polyolefin is 

30 particular ^^-^ polyolefin is amorphous, 

crystalline and the secona e i 
especially a PP/EP copolymer. 

The above PP block is, for exan^le, an 

33 The invention also provides copolymers which 

are "true" block copolymers, in contradistinctron to 

are which provides 

r^•F ^he lorior art, wiij-t-ii 
the copolymers of tne p-l-l 

copolymers which are mixtures. 
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^rry^r of the hotnopolytners or 
molecular we..ht o.^^ ^^^^^^ ^^^^^^^ 

copolymers may vary wi ^^^^ ^^^.^^ in 

.0., pre.era.ly ---/J 1» , ..a B may also 
one copolymer, between the ^^^^ 

.ary within a -^V "J^ ,,cvides copoly- 

The invention tnerej-^j 

™ers as described above. .^^ p„^ides block 

in P-"="^';;;,/':,,3talline PO/amorphous PO, 
copolymers of the PP/EP (c y ^^.cribed in the 

type, -th the e.cept-n ofjhos^^^ ^^^^^ 
publication Yamahiro et ^^^i^^ those whose 

134-141 (1999), namely J i to 16 000 and 

.olecular wei.ht ^Xtwee: 3 . 0 and 3.3, The 

whose polydispersrty index particular block 

, invention --^J^^^J^Cith a molecular wei.ht 
copolymers o£ the ^^.^er than 20 000, 

greater than 16 000, « part =ul 9 ^ ^ ^he 
especially greater than 50 000 ^^^^ 
,P/.P type Whose P2r----,:::i\, .ess than 
^» exa^r whi^h .ollcw illustrate the 

invention without limiting xt . ^^2Si (2 -Me3Si , 4-tBu 

preparation of complex l"- 

C5H2)2Sm(THF)2 Me2Si (2-Me3Si , 4-tBu C5H3)2 

25 ^ solution of Me. admixed with 

(3.01., .--mmol) in ^ ^^^/^J,^ ,exane, i.e., 
S.2 ml of a /Jj^^L mixture at 

.3.5 mmol, at O^C. Poi™ -f^^^,,,,,.,, .0 ml of a 

anient -^P-^J^;;;/,, ,hP. 13.6 mmol, are added. 
30 0.68M ^oln..on O,J.uO ^ 3olution xs 

The mixture xs reflux _^ ^^^^^^ ^.^^ ,,,^3 

evaporated to dryness . The p^ p,,a3,ium disalt of 

3 0 ml of hexane, leadxng ^^^^ ^^.^^ powder 

Me2Si(2-Me3Si,4-tBu C5H3)2 xn ^^^^ ^^^^ of 

- <V-- = ^.°*^LroTre:s:U-Me3Si,4-tBu CSH3,a in 
the potassxum dxsalt o ^^^p 

so ml of TH. ™°^j:;:r Of ™. at -SO.C. The 

added at the same txme 
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is then refluxed for 12 h and the 
reaction mixture is tn dryness. 50 ml 

solution is to tirresLue and the solid 

of toluene are added ,ging . Following 

obtained is separated J ^^^.^^^ 
removal of the ^^^^^ . Kecrystallization 

extracted with twice 15 ml _^ ^^^^ ^ 

from a THF/hexane mixture leads 

violet solid (yield = 35%). Me2Si (2-Me3Si , 

of complex 
Preparation oi 

4-Me. , tBuSiCsH.) aYCH (SiMea) 2 ^^^^^ ^^-MeSSi , 4-Me2 , tBuSi 

A solution ot toluene 
C5H2)2YCl2Li(THF)2 (2g, 2 . 3 mmo , ^^^^ ^.i^^ion of 
is admixed with 3 ^^,,,, ,t OOC. The 

(Me3Si)2CHLi in Et20 • ^^^^ temperature for 

.ixture is -^-^^^.^;;;;/3::_t is evaporated under 
13 hours, after which the s ^^^.^^^ 

„. BO ml Of ;tUrs. The insoluble 

^^lirr^Vclvetd centrifugin. and is 

solid IS _ yield = 36^. 

, recrystallized from hexane to give ^^,^^33, , ,.tBuSi 

preparation of complex C. 

C5H2)2SmCH(SiMe3)2 Me2Si (2 -Me3Si , 4-tBu 

A solution °^ ^ , ^. , of toluene is 

admixed with 4.5 ml o£ a 0 

in Et20, i.e., 3.5mmol, ' i3houre, after 

0 = C to anient --^^^^^^ „. 30 mX o. 

which the -7;;; ;^/„3idue and the euspension xs 
hexane are added to the recovered 

3tirred £or 24 ' ,.ed «ro. hexane to 
by centrifuging and is retry 
give C - yield ■■ 28%. 

Example 1: are introduced, 

ml of d-""; <aried at 100«C 

using a syringe, into a ^.^^ 

for 2 h beforehand) , !he reactants 

equipped with a -ptum for .ntr ^^^^^^^ ^^^^^^^^ 
and with a magnetic stirrer. 
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. saturated with argon. Catalyst 1 (7.4 mg - 
and ana stirring i. maintained 

0.01 ™ol) - - ^^^^^^ ,,,3„,.ed. Then 2.1 o£ 

:te te:: ----- r r :r at 

Jinge. -^-eri.aticn i. con -edjcr^^l^^^^^^ 

ambient temperature with 9^ methanol 

r^f the reaction, -lu uij- ^ 
catalyst at the end of the . ^ ^^^^ isolated 

. . The orecipitated polymer i!= 

:r rr^r -ed ... . o. ..a.. 

- --^.^--/—.^L/inrcatalyst/h. .he 
activity xs 161 g P ^^^^^^.^^ characteristics: 

polymer possesses tne monomer is 

LTlO 600. The chain incorporation of 

isotactic (mm > 95%) • 

Example 2: n ^ n is repeated except 

The procedure of example 1 J ^ 

v-o-nTaced by 2 ml of l-next^iic 
that the 1-pentene is replaced y o( 

catalytic activity is ^ „,,aBes the following 

characteristics, im 

o£ the monomer is isotactic (mm > 95.) • 

^'"""f If distilled toluene are introduced, 
20 ml °^ j^,^^^^ ,,t.e (dried at lOCC 

using a syringe, into a Schle 

' \ nrr^p'tunr tlrlUng L r........ 

equipped with a ^^P"^" .^^^^^e is degassed 

and with a magnetic 3 ,s mg - 

and then saturated with ^'^S""^ maintained 
0.01 mmol) is introduced and stirring 

i::r"S:e?thrgrre sU us^g a 
1-pentene are mtroducea 

fringe, -^vmeri.ation is con -ued .or^^^^^^^^^ 

anient temperature '^l^-J^^^J^^^ cf methanol 

catalyst at the end of the „j p„iy„er. 

are iniected. There is no prec p^^^^^^^^ ^^^^^^ 

Following evaporation ot collected. The 

.nisolatable ---^ J Id Ts estimated to he 

catalytic activity is very 
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leBs than 10 g of pclymer/mcl of catalyst/h. 

""""^rlf distilled toluene are introduced, 
U3in. a s.rin.e, into a Sc.len. tu.e ,dr.e. at^^lOO^C 

equipped with a ^^P"^" ^^^^^^e is degassed 

and with a .nagnet.c .^"^"^ J";^^,,,,^, 3 (4 mg) 
and then saturated with argon. P 

introduced --^olu lon^irco^lete. .he 

temperature unt 1 its d ^^^^^ ^^^^^ ^^^^ ^ 

catalytic - - is introduced, 

pressure of ^ ^^^3^, temperature for 

Hydrogenation is carried o colorless to a 

30 minutes. The solution turns ^-^.^lly driven oft 
v-ia yellow. The hyarogen .s s^en^J^ 

a stream of argon = ' ^ i„„.auced 

cooled to 0°C. Then g polymerization is 

through the septum "/^^ ^ ;™ Tutralize the 

J .,4- nop for 18 nouxto. 
continued at u «- t-.^r^ 10 ml of methanol 

„ catalyst at the end of the ; isolated 

are injected. The P-cipitated p ym r is t ^^^^^^ 
.y centrifuging, washed with 10 ml 
dried under vacuum for 3 hours. 1.5 g 
collected, corresponding to a said 
f 91 a of polymer/g of catalyse/ i , 
5 activity of 21 go P ^ characteristics: 
polymer possessing the ^. ^ the monomer is 

Mn = 28 500. The chain incorporation of 

isotactic (mm > 95%) . 

Example 5: i« 4 is repeated, 

The procedure of ^^^^.^^ J 
replacing the 1-pentene by 2 9 ^^^^^ _ ^ ^ 

polymerization ^ .0 a conversion 

of polymer are collected, polymer/mol of 

of 94% and an activity of ^9.2 g o P J 
. v/h said polymer possessing the 
35 catalyst/h, said P y ^corporation 
characteristics: Mn = 53 000. 
of the monomer is isotactic (mm > 95o). 
Example 6 : 
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.he procedure ot -a.ple = - P^^^ 
conducting the P°^V.erizat.on at 2 C ^^^^^^ 

^ °\r";ra:r an tcttitv o. ... 
~ r:n:r::;:::. .-.tact. 

..in. a syringe, into a SClen. tn.e <ar.ed XO 
for 2 h beforehand) , connected to an argon 

. a septum for introducing the reactants 

equipped with a -P'™ ^^.^^.^ i3 degassed 

and with a magnetic stirrer. ^ 
and then saturated with argon. P ^.^^^ 
^ ^r^r\ the solution is stirrea 

reirrre tntii its ^----J^ 

oataivtic ---J^rrrogr^s introduced. 

is oarri. out at a— .^..e^^or 

3 0 minutes. The solution turns ^^^"^ 

Tiow The hydrogen is subsequently driven 
vivid yellow. The hy 9 i_pentene 
by a stream of argon (5 mm) . Then g^^e . 

/.e introduced through septum us. ng a syr^^g^ _ 

polymerization is introduced 

5 Thereafter, 2 ml of metny aopearance to 

TVif. solution changes m appe^ian 
with the septum. The soiut ^j^^^ continued 

ThP coDolymerization is tneu 
become opaque. The copoiy ^^.^^t at the end of 

Tr, •nf=^utralize the catalyst at t-ii« 
fnr 2 hours. To neuz-i-^^-i--^^^ 

■ 10 ml of methanol are injected. The 

the reaction, 10 ml ot centrifuging 
0 precipitated polymer is ^'^^ J^^^^^^^ ,his 
and dried under vacuum for 3 hours. The p 

. ^ v,»= a Sticky white appearance (presence 
point has a ^^^^^ 3PC possessing 

polyolefin *aracterized by ^ „„„ 

„o maximum peaks of ,^se<juently washed 

- - • ""^t^^r: hexane Tith stirring in hexane for 

rrou:::%ricrt:ra:tows the o.«..=;o— « 

be removed with 10 ml of methanol. 0.21 g of P 



iLy **^' ^ 



• 
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collected, corresponding to an activity of ^'^^ ° 
polymer/g of catalyst, said polymer possessxng the 
following characteristics: proportion of 1-pentene = 
20% by weight, proportion of MMA = 80% by wexght 
Mn = 45 400. The poly (1-pentene) block is xsotactxc 

(mm > 95%) - 

Example 8 : 

The procedure of example 7 is repeated, 
replacing precursor B by 40 mg of precursor and 
replacing the 1-pentene by 2 ml o£ 1-hexene and the MMft 
by 2 0,1 of caprolaotone. The polymer possesses the 
following characteristics: proportion of 1-hexene • 12, 
by weight, proportion of caprolactone = 88% by werght 
Z = 32 000. The poly (1-hexene) block is isotact.c 

15 {mm > 95%) . 

Example 9 : 

precursor B (100 mg) is introduced into a 
Schlenk tube (dried at lOO-C for 2h 
connected to an argon line and equipped with a septum 
20 for introducing the reactants and with a magnetrc 
stirrer. 3 ml of 1-hexene are introduced through the 
septum using a syringe, and the mixture is degassed 
three times and held under vacuum. A pressure of 1 bar 
of hydrogen is then introduced. The polymerization 
25 starts immediately, characterized by an exotherm. The 
reaction mixture becomes highly viscous and the 
reaction is continued at 20»C for 3 mrnutes^ 
Thereafter, 2 ml of caprolactone are introduced via the 
septum. The polymerization is then continued for 
30 1 hour. TO neutralize the catalyst at the end of the 
reaction, 10 ml of methanol are injected The 
precipitated polymer is then isolated by centrrf uging , 
Lshed with methanol and dried under vacuum for 
3 hours. The polymer is in the form of a dry, nontacky 
35 powder. 0.45 g of polymer is collected, ccrrespondrng 
to an activity of 4 . 5 g of polymer/g of catalyst, sard 
polymer possessing the following characteristics: 
proportion of 1-hexene . 4.5% by weight, proportion of 



